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Title: Gene delivery vectors provided with a tissue tropism 
for smooth muscle cells, and/or endothelial cells, 

FIELD OF THE INVENTION 

■I 

The invention relates to the field of molecular 
genetics and medicine. In particular the present invention 
relates to the field of gene therapy, 'more in particular to 
5 gene therapy using adenoviruses, 

BACKGROUND OF THE INVENTION 

In gene therapy, genetic information is usually 
delivered to a host cell in order to either correct" 
10 (supplement) a genetic deficiency in said cell, or to 

inhibit an undesired function in said cell, or to eliminate 
said host cell. Of course the genetic information can also 
be intended to provide the host cell with, a desired 
function, e.g. to supply a secreted protein to treat other 
15 cells of the host, etc. | 

> 

! 

Many different methods ha^^t^e^.dev^elpped.tp. introduce 
new genetic information into qel^lft.^- Althqugh, many different 
systems may work on cell line%,;p^l,jt>ir^d.~,i^ :yitrq,f .pnliy.,the 

20 group of viral vector mediate4gene delivery methods seems 
to be able to meet the required efficiency of gene transfer 
in vivo. Thus for gene therapy purposes most of the 
attention is directed toward t^h^; d^^rf lopment of, suitable 
viral vectors. Today, most of ^.the ,at1;ention for the 

25 development of suitable viral ^veptors,. is directed toward 
those vectors that are based on, adenoviruses. These 
adenovirus vectors can deliver ,fp?[e^^ genetic information 
very efficiently to target ceUs in vivo. Moreover, 
obtaining large amounts of adenovirus vectors is for most 

30 types of adenovirus vectors not a problem. Adenovirus 
vectors are relatively easy to concentrate and purify* 
Moreover, studies in clinical ...t;.rial^j.|have provided valuable 
information on the use of thes?; ;jVecfeors. in patients. 
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There are a lot of reasons for using adenovirus vectors 
for the delivery of nucleic acid to target cells in gene 
therapy protocols. However, somei charjacteristica of the 
5 current vectors limit their use ,in specific applications. 
For instance endothelial cells and smooth muscle cells are 
not easily transduced by the cur^rentj 'generation of 
adenovirus vectors. For many gene therapy applications, such 
as applications in the cardiovascular area, preferably these 

10 types of cells should be genetically modified. On the other 
hand, in some applications, even the very good in, vivo 
delivery capacity of adenovirus vectors is not sufficient 
and higher transfer efficiencies are required* This is the 
case, for instance, when most cells of a target tissue need 

15 to be transduced. 

The present invention wasumade. in the course of the 
manipulation of adenovirus vectiors,. In the following section 
therefore a brief introduction,, ^f^o ,^a]d^^ 

20 in J f U i ^yr ■ 

Adenoviruses ^ m^A J- 1- . - ' 

Adenoviruses contain a line^SLa^^dou^^ DNA 
molecule of approximately 3600p, , bas^^^pairs , . It contains 
identical Inverted Terminal Repeats^ J TR) of approximately 

25 90-140 base pairs with the exact., length on the 

serotype. The viral origins ot,, replication are within the 
ITRs exactly at the genome ends,. The ,^trans crip t ion units are 
divided in early and late reg i 9ns -Shortly after infection 
the ElA and ElB proteins are e^ressejd and function in 

30 transactivation of cellular and adenoviral genes. The early 
regions B2A and E2B encode proteins (DNA binding protein, 
pre-terminal protein and polymerase) ^required for the 
replication of the adenoviral genome reviewed in van^der 
Vliet, 1995) . The early region Ef enf;odes several proteins 

35 with pleiotropic functions e^g. transactivation of the E2 
early promoter, facilitating transport and accumulation of 
viral mRNAs in the late phase 9|.,inf ^.^tion ; a 
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nuclear stability of major late pre-mRNAs (reviewed in 
Leppardy 1997) . The early region 3 etncodes proteins that are 
involved in modulation of the iiranune response of the host 



(Wold et al, 1995), The late region 
single promoter (major late protnoter 



is transcribed from one 
) and is activated at the 



onset of DNA replication- Complex splicing and poly- 
adenylation mechanisms give rise to more than 12 RNA species 
coding for core proteins, caps id proteins (pent on, hexon, 
fiber and associated proteins) , viral protease and proteins 

10 necessary for the assembly of the capsid and shut-down of 

host protein translation (Imperiale, M.J-, Akusjri'arvi; G. and 
Leppard, K-N. (1995) Post -transcriptional control of 
adenovirus gene expression. In: The molecular repertoire of 
adenoviruses I, P139-171. W, Doerfler and P. Bohm (eds) , 

15 Springer -Verlag Berlin Heidelberg) , 



Interaction between virus and^ho3t:,^^cell^ , i 

The interaction of the viz:j^g . W|ith, the^ h 
mainly been investigated with the^s^^^^ C viruses Ad2 and 

20 Ad5. Binding occurs via interaction the knob region of 
the protruding fiber with a cellular receptor. The receptor 
for Ad2 and Ad5 and probably more adenoviruses is known as 
the "^Coxsackievirus and Adenovirus Receptor ' or CAR protein 
(Bergelson et al, 1997), InternaZizati is mediated through 

25 interaction of the RGD sequence ^present in the pentpn base 
with cellular integrins (Wickham,. .et,^^ 1^53) - This may not 
be true for all serotypes, for^ example serotype 40 and 41 do 
not contain a RGD sequence in ^their i ppnton base sequence 
(Kidd et al, 1993) . _ 



The fiber protein , 

The initial step for success ful j i.^n^ is binding of 

adenovirus to its target cell; aj^^prggess mediated through 
fiber protein. The fiber protein^. ha^ 4. trimeric structure 
35 (Stouten et al, 1992) with diffe^ept., lengths depending on 
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the virus serotype (Signas et al, 1985; Kidd et al, 1993). 
Different serotypes have polypeptides with structurally 
similar N and C termini, but different middle stem regions. 
The first 30 amino acids at the N terminus are involved in 
5 anchoring of the fiber to the peiiton base (Chr;oboczek et al, 
1995) , especially the conserved |,!fnPVYP region in the tail 
{Arn±)erg et al, 1997). The C-terminus, or knob, is 
responsible for initial interaction with the cellular 
adenovirus receptor- After this initial binding secondary' 

10 binding between the capsid penton base and cell -surface 
integrins leads to internalization of viral partirclesj in 
coated pits and endocytosis (Morgan et al, 1969; Sveneeon 
and Persson, 1984; Varga et al, 1991/ Greber et al, 1993; 
Wickham et al, 1993). Integrins are ap-heterodimers of which 

15 at least 14 a-subunits and B S-'subunits have been identified 
(Hynes, 1992) . The array of integrinsi: expressed in cells is 
complex and will vary between sell rfe^es and cellular 
environment. Although the knobjiQpintains some conserved 
regions, between serotypes, knpb :^prpbeins show a, high degree 

20 of variability, indicating that:;:.^iiL;f l^tent^ adenovirus- 1 
receptors exist. Ir^pvyS* r'^r-- 

^iirnum:);^ , . '-'^ ■ ■ ' ■ 

Adenoviral serotypes _ 

At present, six dif ferent^,si;ibgrpups of human 
25 adenoviruses have been proposed whic)^^ in total encompass 
approximately 50 distinct adenovirus jero^^ 

these human adenoviruses, many animal adenoviruses have been 
identified (see e.g. Ishibashi and. Jasue, 1984). 
A serotype is defined on the basis of ^its immunological 
30 distinctiveness as determined by quantitative neutralization 

' t . ':i ".rt; .11)^ . ■ 

with animal antiserum (horse, rabbit) . If neutralization 
shows a certain degree of cross -re act ion between two 
viruses, distinctiveness of serotype is assumed if A) the 
hemagglutinins are unrelated, as ehowri by lack of cross - 
35 reaction on hemagglutination- inhibition, or B) substantial 

biophysical/biochemical differences in DNA exist (Francki et 

I 
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al, 1991) » The serotypes identified last (42-49) were 
isolated for the first time from HIV infected patients 
(Hierholzer et al, 1988; Schnurr et al, 1993), For reasons 
not well understood, most of such immuno* compromised 
patients shed adenoviruses that were never isolated from 
immuno-competent individuals (Hierholf 
Khoo et al, 1995) , 



zer et al^ 1988, 1992; 



Besides differences towards the sensitivity against . 

10 neutralizing antibodies of different adenovirus serotypes, 
adenoviruses in subgroup C such as Ad2 and Ad5 bind , to 
different receptors as compared to adenoviruses from 
subgroup B such as Ad3 and Ad7 (Defer et al, 1990; Gall et 
al, 1996) , Likewise, it was demonstrated that receptor 

15 specificity could be altered by exchanging the Ad3 knob 

protein with the Ad 5 knob prot^ini^ and vice versa (Krasnykh 
et al, 1996; Stevenson et al, I995p^l597): . Serotypes 2, 4,5 
and 7 all have a natural affiliatlonatowards lung epithelia 
and other respiratory tissues ,^i'lh Contrast, 'serotypes 40 and 

20 41 have a natural af filiation ^towardsj' the gastrointestinal 
tract • These serotypes differ 'ain^'atoljeast' capsid' proteins 
(penton-base, hexon) , proteins responsible for cell binding 
(fiber protein) , and proteins involveci in adenovirus 
replication. It is unknown to Whatn extend the capsid 

25 proteins determine the dif fereficea lin- tropism found between 
the serotypes. It may very well be that post- infection 
mechanisms determine cell type 'specificity of adenoviruses. 
It has been shown that adenoviruse&^^f rom serotypes A ' (Adl2 
andAd31),C (Ad2 and Ad5) ,D (Ad9Mand.Adl5) ,E (Ad4) and F 

30 (Ad41) all are able to bind label ed,,., sol CAR.(sCAR) 
protein when immobilized on nitropelljulose . Furthermore, 
binding of adenoviruses from these serotypes to^ Ramos cells, 
that express high levels of CAR,, jbut^, lack integr ins (Roelvink 
et al, 1996), could be ef f icient.jLy.^b],pcked by addition of 

35 sCAR to viruses prior to inf ectipnn(Roelvink et al> 1998) . 
However, the fact that (at least some^) ' members of these 



subgroups are able to bind CAR does not exclude that these 
viruses have different infection efficiencies in various 
cell types. For example subgroup D serotypes have relatively 
short fiber shafts compared to subgroup A and C viruses. It 

5 has been postulated that the trojpism of subgroup D viruses 

'1 I ' 

is to a large extend determined jby, the penton base binding 
to integrins (Roelvink et al, 1^96; Roelvink et al, 1998). 
Another example is provided by Zabrier et al, 1998 who have 
tested 14 different serotypes on infection of human ciliated 

10 airway epithelia (CAE) and found that' serotype 17 (subgroup 
D) was bound and internalized more efficiently them' iall 
other viruses^ including other members of subgroup D. 
Similar experiments using serotypes from subgroup A-F in 
primary fetal rat cells showed that adenoviruses from 

15 subgroup A and B were inefficient whereas viruses from 

subgroup D were most efficient^ (tw et aly 1998) ; 'Also^in 
this case viruses within one s'ubgfdup- displayed different 
efficiencies. The importance of'ffibe¥'''binding for the 
improved infection of Adl7 in CAE'^wSsfsho Armeht^ho et 

20 al (WO 98/22609) who made a reCdlSb^iian^ LacZ Aci2 virus with 
a fiber gene from Adlv and showed ^^thalfc the chimaeric virus 
infected CAE more efficient then ; LacZ] Ad2 viruses wxth Ad2 
fibers, ' ^'^^--^^h.^- 

Thus despite their shared 'ability to bind CAR", 

25 differences in the length of the^ fibWr, knob sequence and 
other capsid proteins e.g, pentoh 'ba^'e of "the different 
serotypes may determine the effidi^il^y by which an 
adenovirus infects a certain teirget:^ dell. Of interest in 
this respect is the ability of ' Ad5 *aiM Ad^ fibers but not of 

3 0 Ad3 fibers to bind to fibronectih lir and MHC class 1 a2 
derived peptides. This suggests 'bh^at ''adenoviruses are able 
to use cellular receptors other "thari'lCAR (Hong et al> 1997). 
Serotypes 40 and 41 (subgroup t) ^are^'known to carry two 
fiber proteins differing in the length of the shaft. The 

35 long shafted 41L fiber is shown: tc) 'biiid CAR whereas the 
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short shafted 41S is not capable of binding CAR (Roelvink et 
al, 1998) . The receptor for the short fiber is not known. 



Adenoviral gene delivery vectors. 



5 Most adenoviral gene delive!ry vectors currently used in 

gene therapy are derived from thje serotype C adenoviruses 
Ad2 or AdS- The vectors have a d|eleti'on in the El region, 
where novel genetic infornvation can tje introduced. The El 
deletion renders the recombinant virus replication 
10 defective • It has been demonstrated extensively {tha^t^.j 

recombinant adenovirus, in particular serotype 5 is suitable 
for efficient transfer of genes in vivo to the liver, the 
airway epithelium and solid tumors in animal models and 
human xenografts in immuno-def icient mice (Bout 1996, 1997; 
15 Blaese et al, 1995) . hie oi: b:^ ' ' 

Gene transfer vectors derived from adenoviruses 
(adenoviral vectors) have a number of features that make 
them particularly useful for gette transfer: 
20 1) the biology of the adenoviruses ijs^well characterized, 

2) the adenovirus is not associatedewith severe' human 
pathology, ^ cfelsnl-. ' '-^ ■ - i 

3) the virus is extremely efficient in introducing its DNA 
into the host cell, ^-t vi-ra^ ^ v 

25 4) the virus can infect a wide v^ri^ety of cells and has a 
broad host-range, it J : lE^t:; 

5) the virus can be produced at high'ititers in large 
quantities, rrov^ in : , . 

6) and the virus can be rendet^direplication defective by 
30 deletion of the early-region 1 (El) of the viral genome 

(Brody and Crystal, 1994) , 

However, there is still a number., of ...drawbacks associated 
with the use of adenoviral vectc!fS|,.^ 



1) Adenoviruses, especially the well investigated serotypes 
Ad2 and Ad5 usually elicit an immxine response by the host 
into which they are introduced, 

2) it is currently not feasible to target the virus to 
5 certain cells and tissues, ^ , 

3) the replication and other functions of the adenovirus are 
not always very well suited for the cells, which are to be 
provided with the additional genetic material, j 

4) the serotypes Ad2 or Ad5, are not Ideally suited for 

10 delivering additional genetic material to organs other than 
the liver- The liver can be particularly well transduced 
with vectors derived from Ad2 or Ad5. iDelivery of such 
vectors via the bloodstream leads to a significant deliver 
of the vectors to the cells of the liver. In therapies were 

15 other cell types then liver cells need to be transduced some 
yneans of liver exclusion must be.,,appl;i,ed to prevent uptake 
of the vector by these cells. CurI}eJl^^methods rely on, the 
physical separation o£ the vector from the liver cells, most 
of these methods rely on localizing, the vector and/or the 

20 target organ via surgery, balloon angioplasty or direct 
injection into an organ via fqr.j^fistgajpce:; needles ^ L 
exclusion is also being practipe.d,, through delivery of the 
vector to compartments in the ^bo^dy^ fthji^t are essentially 



isolated from the bloodstream ^he^2;;eby- 



preventing .transport 



25 of the vector to the liver. Al|:hp.ugh^;^hese methods mostly 
succeed in avoiding gross deli^^ry^^p^j: the vector, 
liver, most of the methods are^v,cru4e and still have 
considerable leakage and/or have, poor,, target tissue 
penetration characteristics, In-;spmei;f asea inadvertent 

30 delivery of the vector to liveri .g:e,ljf -jcan be toxic to the 
patient. For instance, delivery;. of, .jai herpes simplex virus 
(HSV) thymidine kinase (TK) ge;ne^..f.^^^^^^ subsequent killing 
of dividing cancer cells through, administration of 
gancyclovir is quite dangerous: w^en jajlso a jsignif icant; 

35 amount of liver cells are transducei^^ by the vector. 

Significant delivery and subsecjuentv .expression of the HSV-TK 
gene to liver cells is associated ^itk severe toxicity. Thus 

b'-'dh- 'chk' ■ - 



there is a discrete need for an inherently safe vector 
provided with the property of a reduced transduction 
efficiency of liver cells. 



BRIEF DESCRIPTION OP DRAWINGS 



Table I: Oligonucleotides and degenerate oligonucleotide© 



DNAi 



encoding fiber proteins 



used for the amplification of 

derived from alternative adenovirus serotyiies, (Bold 
10 letters represent Ndel restrijction site (A-E) , Nsil 

restriction site (1-6; 8), or Paclj restriction.! site, (7). 
Table II; Biodistribution of chimeric adenovirus upon 

intravenous tail vein injection. Values represent 

lucif erase activity/ fig of total protein. All values below 
15 200 Relative light units/ fig' protein are considered 

background- ND = not determine^iber ^ 
Table III: Expression of CAR and ;.integrins on the cell 

surface of endothelial cells and smooth muscle cells, 70%; 

Cells harvested for FACS analysis at a cell density of 70% 
20 confluency, 100%: Cells harvested for FACS analysis at a 

cell density of 100% confluency- PER, C6 cells were taken 

as a control for antibody stetjininaji- Val^ represent 

percentages of cells that expresea GAR > or either one of the 

integrins at levels above baq|tgrpj4nd . As . background 
25 control, HUVECs or HUVsmc wereitinj^ubated only with ;the 

secondary, rat -anti -mouse IgQliFB-:dabeled antibody. 
Table IV: Determination of transg.er\eLi:expre8sion (lucif erase 

activity) per pg of total celiular/rprotein after infection 

of A549 cells, -Val p:^ ^ 

30 K : Qx:-Z^'\ : 

Figure 1: Schematic drawing of );the: pBr/Ad.Bam-rlTR construct. 
Figure 2: Schematic drawing of > the: ^strategy used to delete the 
^/ fiber gene from the pBr/Ad.Bam-rlTR construct, 

' ^"^Wrg^i re 3- ■ flehgmat-ie diggwi - fig of ; e ona^trvK^t pDx/Ad.Ba tt ^RAJCib -T-^ 

35 Figure 4: Sequences of the chimaeric[ fibers Ad5/12/ Ad5/16; 
Ad5/28, and AdS/40-L- i-:;^cv- 
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Figure 5: Schematic drawing of the construct pClipsal-Luc . 

Figure 6: Schematic drawing of the method to generate chimaeric 
adenoviruses using three overlapping fragments • Early (B) and 
late regions (L) are indicated- L5 is the fiber coding 
sequence. 

Figure 7: A) Infection of HUVBC cells using different amounts 
of virus particles per cell aind different fiber chimeric 



adenoviruses. Virus concentration j 
bar), 5000 vp/ cell (= grey bar). 



10000 vp/ cell (= white 
2500 vp/ 'cell (= Black 



10 bar) 1000 vp/ cell (light grejy bar, 250 and 50 vp/ cell no 

detectable lucif erase activity abcjve background fj^i-ij 
Lucif erase activity is expressed in relative light units 
(RLU) per microgram cellular protein. B) Infection of 
HUVEC cells using different concentrations of cells 

15 (22500, 45000, 90000, or 135^00 cells seeded per well) and 

either adenovirus serotype ,5 ^(jbla^Jc bar) or the fiber 16 
chimeric adenovirus (white ;bar),, fjl^jiuc if erase activity is 
expressed in relative light^; units.. |(RLU) per microgram 
cellular protein- C) Flow cytpmetiiic analysis on Human 

20 aorta EC transduced with 500 (Black bar) or 5000 (grey 

bar) virus particles per ce;ll pfji^^S or the fiber ,16 
chimeric virus (FiblS) . Nonj-irif ect:jBd^,c were used to 
set the background at 1% and^^.-mef<^ian fl^ of 5.4, 

The maximum shift in the median.^fluorescence that can be 

25 observed on a flow cytometer-^s [9^,9 9 -^^ ^ 

indicates that at 5000 vp/ ceAl pp^h Ad5 and Pibl6 are 
outside the sensitivity scale. o£j the flow cytometer. 
Figure 8: A) Infection of HUVsjnc .£^11^^ different 

amounts of virus particles pei;; ,ce.ll and different fiber 

30 mutant Ad5 based adenovirusesypVijriA.s concentration: 5000 

vp/ cell {= white bar), 2500-vg/j.|:ell (= grey bar) ,1250 
vp/ cell (= dark grey bar) , 2^.0) v^^/j, ce.ll (- black bar) , or 
50 vp/ cell (light grey bar) . ^Lucif erase activity is 
expressed as relative light ^ units , (RLU) per microgram 

35 cellular protein » B) Infect ion; .Ojf^.HUVsmc cells using 

different concentrations of , cells ^(J.0000, 20000, 40000, 
60000, or 80000 cells per well)j.:.and either adenovirus 
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serotype 5 (white bars) or the fiber 16 chimeric 
adenovirus (black bars) - A plateau is observed after 
infection with chimeric fiber 16 adenovirus due to the 
fact that transgene expression is higher than the 
5 sensitivity range of the bioluminimeter used. C) Human 

umbilical vein SMC transduced with 500 VP/ cell (black 
bar) or 5000 VP/ cell (grey bar) using either Ad5 or the 
fiber 16 mutant (Fibl6) . Non4 transduced cells were used to 
set a background median fluorescence of approximately 1. 

10 Shown is the median fluorescence cjf GFP expression as 

measured by flow cytometry- D) HUVsmc were inf^Cj^ed with 
312 (light grey bar), 625 (grey bar), 1250 (black bar), 
2500 (dark grey bar) , 5000 (light grey bar) , or 10000 
(white bar) virus particles per cell of either the fiber 

15 11, 16, 35, or 51 chimeric virus, Luciferase transgene 

expression expressed as relati^ye^i^^^ht units^,^ per 
microgram protein was measurefa^;4l5^hours after , virus, 
exposure. E) Macroscopic phoj;ogr^g^s of LacZ staining on 
saphenous samples. Nuclear ct^rgejt^^d LacZ (ntLacZ) yields a 

20 deep blue color which appeajrs} ,bl;4^jc or dark grey in , non- 

color prints, P) MacroscopiQ.fphOjt^cjgraphs ;Of LacZ staining 
on pericard samples. Nuclear {.targeted LacZ (ntLacZ) gives 
a deep blue color which appear^, .bjkack i^ non-color prints 
G) Macroscopic photographs jpf,jcl^ac^^ ;On right 

25 coronary artery samples. Nui?lj§a|?., t^rge LacZ; (ntLacZ) 

gives a deep blue color whicl>;haEf|?ears black in- non-color 
prints H) LacZ staining on Lef t^, ar^^^ (LAD) 
samples- Nuclear targeted La^qZ^q(3citLacZ) gives a deep; blue 
color which appears black in ;iipn-cjo,lor prints 

30 Figure 9: Sequences including the gene encoding adenovirus 16 
fiber protein as published ;in.^.Genbaiik. and sequences 
including a gene encoding a.ifibe^ra f^rom an adenovirus 16 
variant as isolated in the pre sexiit)! invent ion, wherein the 
sequences of the fiber protei^ji-^^?;e,^.from the Ndel-sit^ 

35 Figure 9A nucleotide sequence^, con}ps!.rison. Figure 9B araino- 

acid comparison, phot:oc 
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SUMMARY OF THE INVENTION j 

The present invention provides gene therapy methods, 
compounds and medicines. The present invention is 
particularly useful in gene therapy applications were 
5 endothelial cells and /or smooth muscle cells form the target 
cell type. The present invention relates to gene delivery 
vehicles provided with a tissue ijtropism for at least 
endothelial cells and /or smootli| muscle cells. The present 
invention further relates to geri^e delivery vehicles having 
10 been deprived of a tissue tropism for liver cellfei 



DETAILED DESCRIPTION OF THE INVENTION. 

It 19 an object of the current invention to provide 

materials and methods to overcome the limitations of 

15 adenoviral vectors mentioned above. s Itil a broad sense, the 
invention provides new adenoviruses ^[derived in yrhole or in 
part from serotypes different if rpmyA^^- Specific genes of 
serotypes with preferred characterist^ics may be combined in 
a chimaeric vector to give rise.^to^.,_^^e9tor that is better 

20 suited for specific applications ^ Preferred characteristics 
include, but are not limited to^; improved infection of a 
specific target cell, reduced infection of non-target cells, 
improved stability of the virus, .redufced uptake in antigen 
presenting cells (APC) , or indreased Uptake in APC, reduced 

25 toxicity to target cells, reduced neutralization in humans 
or animals, reduced or increased CTL response in humans or 
animals, better and/or prolongecjrjtransgene expression, 
increased penetration capacity i;n,rt;if sues, improved yields 
in packaging cell lines, etc. , thi?; 

One aspect of the present invent:i<3n= facilitates the 
combination of the low immunogenicity^rof some adenoviruses 
with the characteristics of other^^ad^noviruses that allow 
efficient gene therapy. Such char act^piji sties may be a high 
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specificity for certain host cells, a good replication 
machinery for certain cells, a high tata of infection in 
certain host cells ^ low infection efficiency in non- target 
cells, high or low efficiency of APC dnfection, etc. 
5 The invention thus may provide chiinaeric adenoviruses having 
the useful properties of at least two adenoviruses of 
different serotypes. 

Typically, two or more requirements from the above non- 
exhaustive list are required to jabtaiL an adenovirus capable 

10 of efficiently transferring genejtic material to a host cell. 
Therefore the present invention ]provijdes adenoviru^j.j^erived 
vectors which can be used as cassettes to insert different 
adenoviral genes from different adenojviral serotypes at the 
required sites* This way one can obtain a vector capable of 

15 producing a chimaeric adenovirus, whereby of course also a 
gene of interest can be insertef| ^ tf oi^ instance -ait ,,ti^e., site 
of El of the original adenovii^us)|giIrii^this.;ma ; 
chimaeric adenovirus to be produced, ^qan be., adapt the 
requirements and needs of certaifn jjipsts ; in need of . gene 

20 therapy for certain disorders,, To^-ien^le this, virus i. , 
production, a packaging cell will g^nprally be needed in 
order to produce sufficient amount of safe chimaeric 
adenoviruses- ^inenta fx'^n i ;:.f^ -.-^'■c i. =, 

In one of its aspects the present^vinv^^ 

25 adenoviral vectors comprising ^ajt^j^J^^^ of a fiber 

protein of an adenovirus from^^su]5?grp>ujp;.B. S^id fiber protein 
may be the native fiber protein ^4|.j;the^ adenoviral vector or 
may be derived from a serotype^|di^^j|e^r^^ 
the adenoviral vector is based. op .^j.;^^%:^the latter, case^ithe 

30 adenoviral vector according to . the ..ij;3^;^ent ion is a chimaeric 
adenovirus displaying at least. fragment of the fiber 
protein derived from subgroup ,B cadenoyiruses that fragment 
comprising at least the receptpjr.^bjLj:id4^ Typically 
such a virus will be produced usingj^.%|vector (typically a 

35 plasmid, a cosmid or baculovirus.^.y^p,^or).. Such vectors are 
also subject of the present inventioja,. A preferred vector is 
a vector that can be used to make,..a^jahimaeric recombinant 
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virus specifically adapted to the host to be treated and the 
disorder to be treated. ' \ [ ' 

The present invention also provides a chimaeric adenovirus 
based on adenovirus type 5 but having' at least a fragment of 
5 the fiber sequence from adenovirus type 16, whereby the 

fragment of the fiber of Adl6 comprises the fragment of the 
fiber protein that is involved in binding a host cell. 
The present invention also provides chimaeric adenoviral 
vectors that show improved infection as compared to 

10 adenoviruses from other subgroups in ^pecific host cells for 
example, but not limited to, endothelial cells and smooth 
muscle cells of human or animal drigin. An important feature 
of the present invention is the means to produce the 
chimaeric virus. Typically, one does not want an adenovirus 

15 batch to be administered to the' host cell, which contains 

replication competent adenovirus,.. In^,^eneral therefore , it is 
desired to omit a number of genes (but at least one) from 
the adenoviral genome on the v^ctpjr^ ^codixxg the chimaeric 
virus and to supply these genes ^;.ini^lie genome of the, cell in 

20 which the vector is brought to, pTjaduci^ chimaer 

Such a cell is usually called a,.g^c^^^ r 
invention thus also provides a^ pfpJj^^g^ing cell for producing 
a chimaeric adenovirus according .^tg tJ^^e invention,, 
comprising in trans all element.&ti:nep,es^^^^ 

25 production not present on the adfnc?y,iiral vector according to 
the invention. Typically vector,55Lij^^gackaging cell? have to 
be adapted to one another in that. ^the^^ have all ;the^ 
necessary elements, but that theij-.^do^^^^^ have overlapping 
elements which lead to replica.tipn.3?.otppetent virus, by 

30 recombination. Thus the invention , also provides a kit of 

parts comprising a packaging cell according to the invention 
and a recombinant vector accordxQg (|h^ invention whereby . 
there is essentially no sequence. i-over^-ap leading to,; 
recombination resulting in the..produ€:tion of replication; 

35 competent adenovirus between sai,d,.,cje:j.,^^ and said vector. 
For certain applications for e^^ampl.f .^^hen the therapy is 
aimed at eradication of tumor cel^lf ,^gthe adenoviral vector 

po o I'b.' . ' 
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according to the invention may be replication competent or 
capable of replicating under certain conditions for example 
in specific cell types like tumor cells or tumor endothelial 
cells. 

5 It is within the scope of the invention to insert more 

genes, or a functional part of these genes from the eame or 
other serotypes into the adenoviral vector replacing the 
corresponding native sequences » Thus for example replacement 
of (a functional part of the) fiber sequences with 

10 corresponding sequences of othejr serotypes may be combined 
with for example replacements of (a functional part ; pf) 
other caps id genes like pent on base jor hexon with 
corresponding sequences of said serotype or of other 
distinct serotypes. Persons skilled u,n the art understand 

15 that other combinations not limited to the said genes are 
possible and are within the %c;9P|.,ofpthe . invention. The 
chimaeric adenoviral vector accordi^rig to - the invent iori may 
originate from at least two dif|eren!& serotypes. This may 
provide the vector with preferred characteristics such as 

20 improved infection of target .pells.,arid/or less infection of 
non-target cells, improved stabilifcyc.of the virus^ reduced 
immunogenic ity in humans or animals ] (e.g. reduced uptake in 
APC, reduced neutralization iR^^th^i^^gst and/or; reduced: 
cytotoxic T-lymphocyte (CTL) resp^^nse) , increased: ,, 

25 penetration of tissue, better i-longfyiity of transgene 

.a . .,. ,, 

expression, etc. In this aspect p,it fiSj;: preferred to use 
capsid genes e.g. penton and/ or heJfton; genes from less 
immunogenic serotypes as defined by;^..t.he absence or the 
presence of low amounts of neu|:ralizipg antibodies :in the 

30 vast majority of hosts. It is |also,:Bref erred to use fiber 
and/or penton sequences from seijotyp^es that show improved 
binding and internalization in the.-taj:get cells. Furthermore 
it is preferred to delete f ronii the^.yiral vector those genes 
which lead to expression of adeng^^^iral genes ; in jbhe target 

35 cells. In this aspect a vector deleted of all adenoviral 
genes is also preferred. Furthemore,;it is preferred that 
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the promoter driving the gene of interest to be expressed in 
the target cells is a cell type specific promoter. 

■ i 

In order to be able to precisely adapt the viral vector and 
5 provide the chimaeric virus with the Idesired properties at 
will, it is preferred that a library pf adenoviral genes is 
provided whereby the genes to be exchanged are located on 
plasmid- or cosmid-based adenoviral constructs whereby the 
genes or the sequences to be exchanged are flanked by 

10 restriction sites. The preferred; gene-s or sequences can be 
selected from the library and inserted in the adeno;viral 
constructs that are used to generate the viruses. Typically 
such a method comprises a numberj of restriction and ligation 
steps and transfection of a packaging cell. The adenoviral 

15 vector can be transfected in oni piece, or as two or more 
overlapping fragments, whereby .35iri|i^e,s are generated by 
homologous recombination. For .exa^iBpl^ ;the adenoviral vector 
may be built up from two or more overlapping sequences for 
insertion or replacements of a g,ene(jO^ interest ;in for 

20 example the El region, for ins,erti9p^ or replacements in 
penton and/or hexon sequences,] 3nd,.j^or insertions or 
replacements into fiber sequenc^^s jThue the invention 
provides a method for producing- ichimaeric adenoviruses 
having one or more desired prop^rt:A^|^rliHe a desired host 

25 range and diminished antigeniQat.yq..GOjppri8ing providing one 
or more vectors according to th,ei.j;iiF:e^tion- having, the. . . 
desired insertion sites, inser:t4jig,t:i:niQ ,,said vectors -,at 
least a functional part of a fiber- ;pr<^tein derived from an 
adenovirus serotype having the^, d,e^i;^e|i host range and/or 

30 inserting a functional part of.,.a/capsid protein derived from 
an adenovirus serotype having ,re;i^tiv^ly low, antigenicity 
and transfecting said vectors in-^iSij,; packaging cell according 
to the invention and allowing for prpduction of chimaeric 
viral particles. Of course othprfjCppb^jnatio^^s of other viral 

35 genes originating from dif ferent.^f.erp1^ypes can also be 
inserted as disclosed herein beforie.,;, Chimaeric viruses 
having only one non-native sequence -iij. addition to ^an 



insertion or replacement of a ^ente|Pf interest in the El 
region/ are also within the sclpij[il th^ invention - 
An immunogenic response to adenovjirus that typically occurs 
is the production of neutralizing antibodies by the host, 
■ 5 This is typically a reason for seleqting a capsid protein 
like penton, hexon and/or fiber of a less immunogenic 
serotype. 

Of course it may not be necessary to make chimaeric 
adenoviruses which have complete proteins from different 

10 serotypes, It is well within the skill ofthe art to produce 
chimaeric proteins, for instanc^^ ,.ii| j^hej f^sf.- of 'p? ib^t 
proteins it is very well possible to have the base of one 
serotype and the shaft and the knob from another serotype. 
In this manner it becomes possible to have the parts of the 

15 protein responsible for assembly of viral particles 
originate from one serotype, ^hejrg^y|j)enh£Lnping- 1 . 
production of intact viral par;t^jC^|je|j| Th^s^ t:he . invention 
also provides a chimaeric a.denpjf j^s^iaccpi^ding ,t 
invention, wherein the hexon, j p^n^o^^y^t f fiber,, and/or ,0 

20 capsid proteins are chimaeric^.prg|eig§; Q^iginatii^g jfrqp 

different adenovirus serotypes!.^,;j^Bggi§es..g!3n^2:aj^ chimaeric 
adenoviruses by swapping entire wild type capsid (protein) 
genes etc- or parts thereof, it,;is ^Isor within the scope of 
the present invention to inserfci capsid (protein) genes etc. 

25 carrying non- adenoviral sequenc^f or^mutations such as point 
mutations, deletions, insertions^,, ?fcCf.i whijch. can be easily 
screened for preferred charactezrigt^L^i^Si such as temperature 
stability, assembly, anchoring^, redirected infection, 
altered immune response etc. Again r^otheir. chimaeric 

30 combinations can also be produped and, ar^] within the scope 
of the present invention. tn^^jrejryj ; r^^ ■ : 

•1: vic:3,^?iB-.i ■■a'^ ' ' '■ 

It has been demonstrated in mice-' ahd^'-' rats" that upon in vivo 
systemic delivery of recombinant--aaeh8^i3?Us of common used 
35 serotypes for gene therapy pur)pose§'%Si:e than 90% of the 
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^'■^ Is trapped in the liv« ,h 
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of changes in the adenovirus serotype 5 fiber and penton- 
base have been reported, the complex structure of knob and 
the limited knowledge of the precise amino acids interacting 
with CAR render such targeting approaches laborious and 
5 difficult. The use of antibodies binding to CAR and to a 
specific cellular receptor has also ,been described (Wickham 
et al, 199Sf Rogers et al, 1997), This approach is however 
limited by the availability of a spe'cif ic antibody and by 
the complexity of the gene therapy product, 

10 T6 overcome the limitations described above we used pre- 
existing adenovirus fibers, penton base protein3> ;h6icon 
proteins or other capsid proteins derived from other 
adenovirus serotypes. By generating chimaeric adenovirus 
serotype 5 libraries containing structural proteins of 

15 , alternative adenovirus serotypey^, we have developed a 
technology, which enables rapid,,,sqfeeningrfpr, a.recpmb 
adenoviral vector with preferref3[r|gl^§racteri ! .:,,! 

It is an object of the present: ^iny^n|iorf,.to i provide 

20 for the generation of chimaeric^,cai)Sj.ds.., which can be targeted 
to specific cell types in vitro as.jWell as in vivo, and thus 
have an altered tropism for certainTSiell;nf:ypes ; hit-is, a 
further object of the present rlnyenj^ak^onr to provide , methods 
and means by which an adenovirus.- pr an adenovirus capsid can 

25 be used as a protein or nucleic-acidedelivery vehicle to a 
specific cell type or tissue 0;-nl:o?-^ bp ^ j * ^ ^ 
The generation of chimaeric adenoviruses based on adenovirus 
serotype 5 with modified late genes.; is described. For this 
purpose, three plasmids, which itogether contain the complete 

30 adenovirus serotype 5 genome, were constructed. : From one of 
these plasmids part of the DNA i encoding « the adenovirus 
serotype 5 fiber protein was removed-iand replaced by linker 
DNA sequences that facilitate easy cloning. This plasmid 
subsequently served as tenplate for.oJ^he insertion of DNA 

35 encoding fiber protein derived; from,. different adenovirus 
serotypes. The DNA sequences derived;.;from the different 

^;.,:t:^r'.n.c|v ■ ■ ■ , 
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serotypes were obtained using the polymerase chain reaction 
technique in combination with (degenerate) oligonucleotides. 
At the former El location in the genome of adenovirus 
serotype 5, any gene of interest can be cloned, A single 
5 transfection procedure of the three jplasmids together 
results in the formation of a recoml|inant chimaeric 
adenovirus. Alternatively, cloning of the sequences obtained 
from the library of genes can be such that the chimaeric 

adenoviral vector ie build up from one or two fragments. For 

j 

10 example one construct contains at le^ast the left ITR and 
sequences necessary for packaging of- the' virus, i an-l:'': 
expression cassette for the gene of interest and sequences 
overlapping with the second construct comprising all 
sequences necessary for replication and virus formation not 

15 present in the packaging cell a¥ well as the non-native 

sequences providing the preferr^(i^,ch^ajac.teristics. new 
technology of libraries consiptirTLg.pjE chimaeric adenoviruses 
thus allows for a rapid screening improved .re^cor^ 
adenoviral vectors for in vitrp^^and^^^n yivp gene therapy 

20 purposes* (■ - u er i 

The use of adenovirus type 5 forji^ Yivorgene therapy de 
limited by the apparent! inability tocinfect certain cell 
types e.g. human endothelial pelisr and smooth muscle cells 

25 and the preference of infection of certain' organs e.g. liver 
and spleen. Specifically this ifeasr^consequences for treatment 
of cardiovascular diseases liker-reetehosis and pulmonary 
hypertension. Adenovirus-mediated delivery of human ceNOS 
(constitutive endothelial nitric ^ oxide synthase) has been 

30 proposed as treatment for restenosis : after percutaneous 
transluminal coronary angioplasty'! (FTSSA) .< Restenosis ie 
characterized by progressive art erialj; remodeling, 
extracellular matrix formation, and infeimal hyperplasia at 
the site of angioplasty (Schwarfez.et §1, 1993/ Carter et al, 

35 1994; Shi et al,1996)- NO is one of the vasoactive factors 
shown to be lost after PICA- induced injury to the 
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endothelial barrier (Lloyd Jones and Bloch, 1996) , Thus 
restoration of NO levels after balloon- induced injury by 
means of adenoviral delivery of ceNOS may prevent restenosis 

(Varemie et al, 1998). Other applications for gene therapy 

i 

5 whereby the viruses or ehimaeric viruses according to the 
invention are superior to Ad2 or AdS based viruses, given as 
non- limiting examples, are production of proteins by 
endothelial cells that are secreted into the blood, 
treatment of hypertension, preventive treatment of stenosis 
10 during vein grafting, angiogenebis, heart failure, renal 
hypertension and others. [ ' 1 

In one embodiment this invention describes adenoviral 
vectors that are, amongst others, especially suited for gene 

15 delivery to endothelial cells iAd smooth muscle cells 

important for treatment of cardiovajs^^gular; disorders, .The 
adenoviral vectors preferably; ari5;i derived from subgroup B 
adenoviruses or contain at least a^csifpnctional part of the 
fiber protein from an ade^oviru^;frp^|^\ subgroup B comprising 

20 at least the cell-binding moiety-, of ^ the fi^jer protein. ; 

In a further preferred embodigient the adenoviral vectors are 
ehimaeric vectors based on ad^noyirugr.type: ,5 and contain at 
least a functional part of the... f ^ibf j 

type 16- \:<V^'mr^t^}^^ 

25 In another embodiment this invenSfjion Iprovddes adenoviral 
vectors or ehimaeric adenoviral vectors that escape the 
liver following systemic administration. Preferably these 
adenoviral vectors are derived- fronv. 3]Libgroup A, B, D, or F 
in particular serotypes 12, 16/5 28 anjd 40 or contain at 

30 least the cell-binding moiety' of the.. .fiber protein derived 
from said adenoviruses. . t .^^ , ■ , . i ^ 

It is to be understood that in ^11 embodiments the 
adenoviral vectors may be deriyeji fropi the serotype having 
the desired properties or that, the; adenoviral vector is 

3S based on an adenovirus from one ee^-ptype and contains the 
sequences comprising the desir;^dj-jfupf;|;ions of , another 



protein from adenovirus 
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serotype, these sequences replacing the native sequences in 
the aaid serotype. 

In another aspect this invention describes chimaeric 
5 adenoviruses and methods to geiierate these viruses that 
have an altered tropism different from that of 
adenovirus serotype 5, For exaniple, viruses based on 
adenovirus serotype 5 but displaying any adenovirus 
fiber existing in nature » This chimaeric adenovirus 

10 serotype 5 is able to infect certain cell types more 
efficiently, or less efficiently in vitro, and 
than the adenovirus serotype 5. Such cells include but 
are not limited to endothelial cells, smooth muscle 
cells, dendritic cells, neuronal cells, glial cells, 

IS synovical cells, lung epithelial*' cells, hemopoietic 
stem cells, monocytic/macrophage riC.^^ljl^i* tumor cells, 
skeletal muscle cells, mesothelial cells, synoviocytes, 
etc. 

20 In another aspect the inventionTj,^esc:¥^ibeB the construction 
and use of libraries consistingeQfi dSjrstinctt pairts of 
adenovirus serotype 5 in which ;^,o|lS^^o4 more f; genes or 
sequences have been replaced withyDN^ derived from 
alternative; human or animal serotypesv This ?set of 

25 constructs, in total encompassing Vith^ complete adenovirus 
genome, allows for the construction, of unique chimaeric 
adenoviruses customized for a certain disease, group qf 
patients or even a single indiyiduaLl^ 

In all aspects of the inventiqn,^the.^chimaeric adenoviruses 
30 may, or may not, contain deletions ar^; the El region and 

insertions of heterologous genes. linked either or not to a 
promoter. Furthermore, chimaeric adenoviruses may, or may 
not, contain deletions in the E3 region and insertions of 
heterologous genes linked to a promoter- Furthermore, 
35 chimaeric adenoviruses may, or^.njayoHQjj/ contain deletions in 
the E2 and/or E4 region and insj^rt.iiOn^ of r heterologous genes 

! h Qr,.*- . ■ 
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linked to a promoter. In the latter case E2 and/or E4 
complementing cell lines are required to generate 
recombinant adenoviruses. In fact any gene in the genome of 

the viral vector can be taken out and supplied in trans- 

i ' t 

Thus, in the extreme situation, chim'aeric viruses do not 



contain any adenoviral genes in 



thei 



r genome and are by 



definition minimal adenoviral vectors. In this case all 



trans using stable cell 
these genes , A method 



adenoviral functions are supplied in 
lines and/or transient expression of 

10 for producing minimal adenoviral vectors is described in 

WO97/00326 and ie taken as reference; herein. In [^nptl^er case 
Ad/AAV chimaeric molecules are packaged into the adenovirus 
capsids of the invention. A method for producing Ad/AAV 
chimaeric vectors is described in EP 97204085,1 and is taken 

15 as reference herein. In principl'e any nucleic acid may be 
provided with the adenovirus capffLds of^ the invention. 

reciui. tr-eci li- - j rt v. 
In one embodiment the invent ion^pirq^ideSv^ delivery 

vehicle having been provided withv a;tn:least a tissue tropism 

20 for smooth muscle cells and/o3:^;jendptl|ieli^^ cell|- In another 
embodiment the invention provi^gs,~^,e[^nj^odel,i^^^ yehijcle 
deprived of a tissue tropism for; at,..lpast; liver cells, i 
Preferably, said gene delivery; y;flbLic;^,e. iSr provided with a 
tissue tropism for at least smootth jtijipcle. .cells and/or 

25 endothelial cells and deprived. of a^tjissue tropism for at 
• least liver cells. In a preferjred,. embodiment of the invention 
said gene delivery vehicle is proyide^d with a tissue tropism 
for at least smooth muscle cells- ^and/pr endothelial cells 
and/or deprived of a tissue tr,opism;for at least liver cells 

30 using a fiber protein derived from ai^^ubgroup B adenovirus, 
preferably of adenovirus 16. in., jSL iP^rffeirried aspect of , the 
invention said gene delivery vehicle comprises a virus 
capsid. Preferably said virus capsidv comprises a virus capsid 
derived in whole or in part frpm. an,, adenovirus of subgroup 

35 preferably from adenovirus 16,^ or.^ it. gpmpriees, proteins, or 
parts thereof, from an adenovirus.. of ^^ubgrpup B, preferably 
of adenovirus 16, in preferredp;embpflin\ent of the invention 
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said virus capsid compriBes proteins , or fragments thereof , 
from at least two different viruses, preferably adenoviruses. 
In a preferred embodiment of this asspect of the invention at 
least one of said virus is an adenovirus of subgroup B, 
5 preferably adenovirus 16. j 

In a preferred embodiment of the im^ention said gene delivery 
vehicle comprises an adenovirus! fiber protein or fragments 
thereof. Said fiber protein is preferably derived from an 
adenovirus of subgroup B, preferably of adenovirus 16. Said 

10 gene delivery vehicle may further cqmprise other, fiber. 

proteins / or fragments thereof / from other adenpyiruSes, Said 
gene delivery vehicle may or may not comprise other 
adenovirus proteins. Nucleic acid may be linked directly to 
fiber proteins / or fragments thereof, but may also be linked 

IB indirectly. Examples of indireoti linkages include but are not 
limited to, packaging of nucle^^p otcj^d into adenovirus capsids 
or packaging of nucleic acid in^Q^ll-posomes, wherein .a fiber 
protein, or a fragment thereof yi.is incorporateci into an 
adenovirus capsid or linked to ^/^l^ij^bsome ^ Direct , linkage of 

2 0 nucleic acid to a fiber protein, or a fragment thereof, may 
be performed when said fiber prc^^e;j.ij|^^qr ; a^^f 2:agmeyi^ 
is not part of a complex or when gai^^ii^fji^ber. protein, .p? 
fragment thereof, is part of cpmpl^x^such as an adenovirus 

capsid. r: ter.Bhly 'r ■/ . . . ■ i 

25 In one embodiment of the invention is., provided a gene, 
delivery vehicle comprising an? adenovirus fiber protein 
wherein said fiber protein comp^a^is^g^; a, tissue determining 
fragment of an adenovirus of subgroup. B adenovirus preferably 
of adenovirus 16. Adenovirus f iber-pprotein comprises three 
30 functional domains. One domain, the, base, : is responsible for 
anchoring the fiber to a pentonibasie j^f , the adenovirus 
capsid. Another domain, the knob> .is j responsible for receptor 
recognition whereas the shaft ^domain: functions as a spacer 
separating the base from the knob, ^Thg; different domains may 
35 also have other function. For instg^ce, tithe ,§haft;, is . . ■ 

presumably also involved in tarjg^tpCji^ll, .specif icity. Each of 
the domains mentioned above may 4?e,^used tp define a fragment 
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Of a fiber. However, fragments may also be identified in 
another way. For instance the knob domain comprises of a 
receptor binding fragment and a shaft binding fragment. The 
base domain comprises of a penton bkse binding fragment and a 
shaft binding fragment. Moreover, tie shaft comprises of 
repeated stretches of amino acids. Each of these repeated 
stretches may be a fragment. 

A tissue tropism determining fragment of a fiber protein may 
be a single fragment of a fiber prodein or a combination of 
fragments of at least one fiber protJein, wherein said tissue 
tropism determining fragment, either alone' or in- combination 
with a virus capaid, determines the efficiency with which a 
gene delivery vehicle can transduce a given cell or cell 
type, preferably but not necessarily in a positive way. With 
a tissue tropism for liver cell-g: is meant a tissue tropism 
for cells residing in the li^er, vj?ireferably liver parenchyma 
cells. 

)• ' ■ -.'.'.\''.lO Q ■ ■■■II • ,^ ■ 1 

A tissue tropism for a certain 5:ig^]^e, may,,be provided.by 



cells of said tissue are 



increasing the efficiency wit,h),wiiich 

transduced, alternatively, a .tissue.f.t:ropismi for ,a, certain 
tissue may be provided by decre^^ingjj,th^ effi^iency.with 
which other cells than the cells of said tissue are 
transduced. 

i .rr*'jr.ier 

t.v-:- --rot-^ 

Fiber proteins possess tissue , tropism determining properties. 
The most well described fragment of, .the fiber protein 
involved in tissue tropism is. the , knob domain. However, the 
shaft domain of the fiber proteiii,,alp possesses tissue 
tropism determining properties , Howfvpr, not all of the 
tissue tropism determining proper t j,esi;Of an , adenovirus, capsid 
are incorporated into a fiber protein. 

In a preferred embodiment of the inyentipn, a fiber protein 
derived from a subgroup B adenovirus,, | preferably adenovirus 
16, is combined with the non-f iber,capsid proteins from an 
adenovirus of subgroup C, prefe?:fl)][.>5 of .adenovirus 5. , . 



.Lira 
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In one aspect of the invention is provided a gene delivery 
vehicle comprising a nucleic acid derived from an adenovirus, 
In a preferred embodiment of the invention said adenovirus 
nucleic acid comprises at least one nucleic acid sequence 
5 encoding a fiber protein comprising at least a tissue tropism 
determining fragment of a subgroup B adenovirus fiber 
protein, preferably of adenovirus 16. In a preferred aspect 
said adenovirus comprises nucleic acid from at least two 
different adenoviruses. In a preferred aspect said adenovirus 

10 comprises nucleic acid from at least two different 

adenoviruses wherein at least one nutleic acid s;equer^ce 
encoding a fiber protein comprising at least a tissue tropism 
determining fragment of a subgroup B adenovirus fiber 
protein, preferably of adenovirus 16. 

15 In a preferred embodiment of thW invention said adenovirus 
nucleic acid is modified such.^th^| ^l^f/^^B^^A^Y-P^ ^^^^ 
adenovirus nucleic acid to rep;^cf tejin, a.-. ^ 
been reduced or disabled, ThiSi jiayib 

inactivating or deleting gene^ienc^o.ding. early region ! 

20 proteins, prislxs • iiM-'^r 

In another preferred ennbodiment^^.s^idjiadenpvirTis nu^^ acid 
is modified such that the capapj^^t^y o| a Ijiqst, Immun? .system to 
mount an immune response again^tj adenovirus proteins encoded 
by said adenovirus nucleic acidj h^f^i^b^e disabled, 

25 This may be achieved through d^lption of genes encoding 
proteins of early region 2 and/or. e,ar,ly region 4, 
Alternatively, genes encoding yg|L.;^|.^:fr*^gipnv. 3r proteinS;^ may be 
deleted, or on the contrary, coneijderi^ 

system function of some of the; prote.ins encoded by the genes 
30 in early region 3, the expression of,.^arly region 3 proteins 
may be enhanced for some purppsja^s^.^ AljS.o, the adenovirus, 
nucleic acid may be altered by^ a coipbination of . two or more 
of the specific alterations ol thg. adenovirus nucleic acid 
mentioned above. It is clear that, when essential genes are 
35 deleted from the adenovirus nucleic acid, the genes must be 
complemented in the cell that .is going to = produce the 
adenovirus nucleic acid, the adenoyirps vector, the vehicle 
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or the chimaeric capsid. The adenovirus nucleic acid may also 
be modified such that the capacity of a host imtnune system to 
mount an immune response against adenovirus proteins encoded 
by said adenovirus nucleic acid has been reduced or disabled, 
5 in other ways then mentioned above, for instance through 
exchanging capsid proteins, or fragments thereof, by capsid 
proteins, or fragments thereof, !from other serotypes for 
which humans do not have, or have lov^ levels of, neutralizing 
antibodies. Another example of this is the exchange of genes 

10 encoding capsid proteins with th'e geres encoding for capsid 
proteins from other serotypes. Also capsid proteins;^ or 
fragments thereof, may be exchanged for other capsid 
proteins, or fragments thereof, for Which individuals are not 
capable of, or have a low capacity of, raising an immune 

15 response against. 

An adenovirus nucleic acid may^^bjei^^aJ^jered, further or instead 
of one or more of the alterations :i|oentioned above, by 
inactivating or deleting geneSj fnc.5?dii5ig,\adeno7irus ,late 
20 proteins such as but not-limitjed.,tpy iiexon,, penton, fiber 
and/or protein IX. fir?.gni4' * 

In a preferred enODodiment of the :ir^y^nti:on all . genes encoding 
adenovirus proteins are deleted^.f^om^j^aid ad^no^^ 
acid, turning said nucleic acid into minimal adenovirus 

25 vector. t;fe aavu - 

In another preferred embodiment :of ^-the invention said , 
adenovirus nucleic acid is an ;Aci/A;^y jchimaeric vector, 
wherein at least the integratipn me.an,s of . an adeno-associated 
virus (AAV) are incorporated into- said adenovirus nucleic 

30 acid. 

In a preferred embodiment of the invention, a vector or a 
nucleic acid, which may be oneand^th^ same or not, according 
to the invention further compr^is^t^s ^;^ti,^least- one non- 
adenovirus gene. Preferably, at ,least_iOne of said non- 
35 adenovirus gene is selected f ropri; the group of gen€fS encoding: 
an apolipoprotein, a ceNOS, a herpes simplex virus thymidine 
kinase, an interleukin-3, an interlei^kin-^ 



28 i ^ ' 

(anti) angiogenesis protein such as angiostatin, an anti- 
proliferation protein, a vascular endothelial growth factor 
(VGAF) , a basic fibroblast growth factor (bPGP) ,a hypoxia 
inducible factor la (HIF-la) , a PAI-1 or a smooth muscle 
5 cell anti -migration protein- 

In another aspect, the invention provides a cell for the 
production of a gene delivery vehicle provided with -at least 
a tissue tropism for smooth muscle cells and/or endothelial 
cells. In another aspect, the invention provides a cell for 

10 the production of a gene delivery vehicle deprived of at 
least a tissue tropism for liver celljs. In another ] [aspect , 
the invention provides a cell for the: production of a gene 
delivery vehicle provided with at least a tissue tropism for 
smooth muscle cells and/or endothelial cells and deprived of 

15 at least a tissue tropism for liver cells. In a preferred 
embodiment of the invention said ^c^e^^ijcis an iadenoyi 
packaging cell^ wherein an adeAQj^irij^jtnucleiic aqid is yv 
packaged into an adenovirus capsid. = pln one aspect of an 
adenovirus packaging cell of thp jirF^eptipn: all prpteins. 

20 required for the replication and packjaging of an adenovirus 
nucleic acid, except for the proteins^^ encoded by early region 
1, are provided by genes incorpojrajte^il in said aden^^ 
nucleic acid. The early region- .1.;^^ 

aspect of the invention may be .enpp^e^d by genes incorporated 
25 into the cells genomic DNA. In,,^.: preferred embodiment of the 
invention said cell is PER,C6 vCECAC.Q jdepp ^ 
96022940) . In general, when gene>,pjfoduGts required for the 
replication and packaging of adenoyi^^^us nucleic acid into 
adenovirus capsid are not provided ;l^y^ ,a a nucleic 
30 acid, they are provided by the packaging cell, either by 

transient transfection, or thx;pugh.f^,t^able - transformation of 
said packaging cell. However, ,a gene,jproduct provided by the 
packaging cell may also be prQvideji bjy, a, gene present on said 
adenovirus nucleic acid. For instanc^^, fiber protein may be 
35 provided by the packaging cell,, f 02;, instance through 

transient transfection, and maj^ bie .-eficod^sd by the adenovirus 
nucleic acid. This feature can.among^pthers be used to 
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or disease treatable by 
cells or smooth muscle 



generate adenovirus capsids comP|risi49 pf fiber proteins from 
two different viruses, \ 

The gene delivery vehicles of the invention are useful for 
the treatment cardiovascular disease 
nucleic acid delivery to endothelial 
cells. A non-limiting example of the latter is for instance 
cancer, where the nucleic acid transferred comprises a gene 
encoding an anti-angiogenesis protein, 

The gene delivery vehicles of the invention may be used as a 
pharmaceutical for the treatment of said diseases. 
Alternatively, gene delivery vehicles of the invention may be 
used for the preparation of a medicament for the treatment of 
said diseases. j 

In one aspect the invention provides an adenovirus capsid 
with or provided with a tissue^ 6ropism for smooth muscle 
cells and/or endothelial cells^^jWhe^r^i^n^ sa^dd jCapsid ^pr^e^erably 
comprises proteins from at least two different adenoviruses 
and wherein at least a tissue trppispjj^.determining fragment of 
a fiber protein is derived f rorij^^% ^Qi^bo^^ 
preferably of adenovirus 16. Ir?.^^n9|bhfer ;as 
provides an adenovirus capsid depi[4y^ed of ,a tissue tropism 
for liver cells wherein said capsidj^,pjt:ef erably co^ 
proteins from at least two dif f ej:^^ijt£.^denoviruses and wherein 
at least a tissue tropism determining..f ragment of a fiber 
protein is derived from a subgroup. iB ..adenovirus, preferably 
of adenovirus 16, b.i oL^i^ 

In one embodiment the invention., dpmprjises the use of an 
adenovirus capsid, for the delivery of nucleic acid to smooth 
muscle cells and/or endothelial ^qe^-i;Si.,,lA.. a embodiment 
the invention comprises the use t-of j^ai^^^^d^novirus^ for 
preventing the delivery of nuclei p.^^ap^^^ 

The adenovirus capsids of the Inv used for the 

treatment cardiovascular disease-,oz] .(i^L^ treatable .by . 
nucleic acid delivery to endothel^aljjce or smooth muscle 
cells. Example of the latter \s^ fpr^^-iiistance cancer where the 
nucleic acid transferred comprises ia^gjene encoding an anti- 
angiogenesis protein, r.?.^;'r'l m ' - 
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The adenovirus capsids of the invention may be used as a 
pharmaceutical for the treatment' of said diseases, 
Alternatively, adenovirus capsids of the invention may be 
used for the preparation of a medicament for the treatment of 
said diseases , 

In another aspect of the invention is provided_con£ 
pBr/Ad , BamRAPib^comgrisin^^ 21562- 

^In another aspect of the invention is provided__^corig 
pBr/AdBamRf ibl&, comprising adengid.£ttS''S'''''^^ 21562- 
31094 and 32794j;:i553-er"Iurtl^ comprising an adenoypir|is 16 
gene,..j©«r6cfi!ng fiber protein, ^ j 

n yet another aspect of the invention is provided constroiet 
pBr/AdBamR.pac/f ibl6, comprising, adenbvixus^^ 
21562''31094 and 32794-35938 ,fuicjjaer-'|^^ an adenovirus 

16 gene encoding^^fi^ 

unique PapI^-slTte in the proxitnit^y ^ ^cj^hej adenovirus 5 right 
fial repeat, in the non-ade^noyi^^S sequence of 



te 



vywt? d^^^^*^ construct 



"20~^In another aspect of the invention is 1 provided const? 

pWE/Ad-AflllrlTRfibie comprising 'Ad%^egu^flce''l5^ and 
32794-35938, furtiiar^goii^^rs^ 16 gene 

. / enco^iRg^lJ&er protein. 
^..^--^i-Vxfra aspect of the inveritipn, i.s^, provided^ constj 

25 pWE/Ad.AflIIrlTRDE2Afibl6 comprising AdS^j^qaetice^ 

and 24033-31094 and 32794-3593,g..,,-€x3^^ comprising an 
adenovirus 16 gene^,,.eiieoding fiber protein. 

In the nurgbenng of the sequences . mentioned above, the number 
is.^-de^Icted until and not imti^l(^piws^-i^v . a 

30 rv;rl:h^n: - ^ vr 

In a preferred embodiment of the iinyejntipn said constructs 

are used for the generation of^ a , gene .delivery vehicle or an 

adenovirus capsid with a tissue t^irppi^m for smooth^ muscle 

cells and/or endothelial cells, 

35 In another aspect the invention proA^idee a library of 

adenovirus vectors, or gene de^liye^y^ vehicles which may be 

one and the same or not, comprising ..aj^large .selection of non- 
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adenovirus nucleic acids. In another i aspect of the invention, 
adenovirus genes encoding capsid proteins are used to 
generate a library of adenoviru^ c|api|dds, comprising of 
proteins derived from at least tjwo different; adenoviruses, 
5 said adenoviruses preferably beijng derived from two different 
serotypes, wherein preferably one serotype is an adenovirus 
of subgroup B. In a particularly^ preferred embodiment of the 
invention a library of adenovirus capsids is generated 
comprising proteins from at least two, different adenoviruses 
10 and wherein at least a tissue tropisni determining fragment of 
fiber protein is derived from an adenovirus of subgroup B, 
preferably of adenovirus 16. 

A fiber protein of adenovirus 16 preferably comprises of the 
15 sequence given in figure 9. However within the scope of the 
present invention analogous sequ^ng^ejS^^niay,, Iqe o.bt^Aine^d. through 
using codon degeneracy. Alternatively^^^^^ amino-acid 
substitutions or insertions or, .delet^i^bns, may.,,be performed as 
long as the tissue tropism detjeijminiji^^t; pr^^^ 
2 0 significantly altered. Such ai^i|i6-;.ac0^^^ may be 

within the same polarity group ^c^ii vji^ou^^^ ] : ^ .i; jr.- 

In the following the invention^ ^i,^. i,l:^^^ of 
non-limiting examples. p^a^M: tVi^J M f -^r 
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a;i nd) - acid j^'^^V ^ ' i^: 
;^ or with -'-.i- 
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Kxample 1: Generation of adenovirus eero type 5 based viruses 
vith chltnaeric fiber proteins 



5 Generation o£ adenovirua template cllones lacking DNA encoding 
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for fiber 

The fiber coding sequence of adenovirus serotype 5 is located 



between nucleotides 31042 and 32787, 



To remove the adenovirus 



serotype 5 DNA encoding fiber we started with „ construct 

t ir: Hi ii ■ 

pBr/Ad.Batn-rlTR (Figure 1; BCACC depbeit P970B2i22) . Prom 

this construct first a Ndel site was' removed. For this 

purpose, pBr322 plasmid DNA was digested with Ndel after 

which protruding ends were fill^e^ using Klenow enzyme. This 

pBr322 plasmid was then re-ligated, digested with Ndel and 

transformed into B. coli DHSa. The obtained pBr/ANdel 

plasmid was digested with Seal .,a^4^|all„ and .the resulting 

3198 bp vector fragment was ligate'd to the 15349 bp Seal -Sail 

fragment derived from pBr/Ad.BararITR,{ resulting in plasmid 

pBr/Ad-Bam-rlTRANdel which hence contained a unique Ndel 

site- Next a PGR was perf orme^ii^sltihsi^^ 

and "NY-down" (Figure 2) . Duringi amplification, both a Ndel 
and a Nsil restriction site wer^r-intrjoduced' to. facilitate 
cloning of the amplified fiber DNAdv , Amplification consisted 
of 25 cycles of each 45 sec. atw94?C^\ii li min; at 60'^C^ and 45 
sec- at 72°C. The PGR reaction/ contained 25 pmol of 
oligonucleotides NY-up or NY-d6wn, v^/2mM' dNTP, PGR buffer with 
1 . 5 mM MgCl2 / and 1 unit of ElongaS^^^heat stable polymerase 
(Gibco, The Netherlands) . One^tetitih-oi the PGR product was 
run on an agarose gel which demohs til raided that the expected 
DNA fragment of ± 2200 bp was 'amglififed, 'This PGR fragment 
was subsequently purified using Gerieolean kit system. (Bioioi 
Inc.) Then, both the construct ;pBr /Ad; Bam- rITRANdel as well 
as the PGR product were digestfediwithjrestriction enzymes 
Ndel and Sbfl, The PGR fragment :wasQStibsequentlyi cloned using 
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T4 ligase enzyme into the Ndel and Sbfl sites thus generating 
pBr/Ad . BamRAFib (Figure 3) . ' 
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Amplification of fiber sequences from adenovirus serotypes 
To enable amplification of the DNAs encoding fiber protein 



derived from alternative serotypes degenerate 
oligonucleotides were synthesizedi Ejorj this ipurpose, first 
known DNA sequences encoding for fiber protein of alternative 
serotypes were aligned to identify conserved regions in both 
the tail region as well as the knob jregion of tli'e' 'ikiier 
protein. From the alignment, which contained the nucleotide 
sequence of 19 different serotypes representing all 6 
subgroups, (degenerate) oligonucleotides were synthesized 
(see Table I) . Also shown in table 3 is the combination of 
oligonucleotides used to amplify^ ftle-toNk encoding fiber 
protein of a specific serotype. The amplification reaction 
(50 ^il) contained 2 mM dNTPs, 25 pmol of each 
oligonucleotide, standard Ix PGR buffer, 1,5 mM MgCl2, and 1 
Unit Pwo heat stable polymeraseailBp^toinger -Mai^ 
reaction. The cycler program confealui^ 20c cyclfes; each 
consisting of 30 sec. 94°C, 60i:seG^ 6p-64°C, and 120 sec, 
72«^C, One-tenth of the PGR produq:!;, wajs: run; on^ an: agarose gel 
to demonstrate that a DNA fragmentfWas amplified.- Of, each 
different template, two indepeiidfenfe CglR-^rjeactions were* 
performed* -W: 



- Generation of chimaeric adenoviral' D&A constructs 
5T^^^?::J^11 amplified fiber DNAs as wei]?-'"ks the Vec^ 

(pBr/Ad^BamRAFib) were digested With'JJ^fii^^ Nsil. The 
30 digested DNAs were subsequentl^^^rtln^oh a agarose gel after 
which the fragments wej^-^tsolated rrotn the gel and purified 
using the Genecl^^aiflcit (Bioioi Inc)'l^^'The PGR fragments were 
then clongcklnto the Ndel and Nsil "sife^es of pBr/AdBamRAFib^ 
thu>-^^ene rating pBr/AdBamRFibX5c '"(wherlj' XX- sft^nds ' for the 
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serotype number of which the fiber DNA was isolated) . The 
inserts generated by PCR were! sequenced to confirm correct 
amplification. The obtained eequehcep of the different fiber 
genes are shown in Figure 4- ! 



Generation of recombinant adenovirus 



Q^V^ protein 

— --^i^^To enable efficient generation of chimaeric viruses an Avri: 



chimaeric for fiber 
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fragment from the pBr/AdBamRFibl6, pBr/AdBamRFib28, 
pBr/AdBamRFib40-L constiructs was subcloned into the yectc 
pBr/Ad,Bam-rITR.pac#8 {ECACC deposit #P97082121) repla/ing 
the corresponding sequences in this vector, pBr/ Ad - Bisun- 
rlTR.pac#8 has the same adenoviral insert as pBr/Ad,Bam-rITR 
but has a Pad site near the rIi*^R that enables Jtne ITR to be 
separated from the vector sequences. jThe construct 
pWE/Ad.Af lII-Eco was generated as follows -/PWE^pac was 
digested with Clal and the 5 prime protruding ends were 
filled in with Klenow enzyme. The DNAvwas then digested with 
Pad and isolate from agarose gel , Pwp/Af lIIrlTR was 
digested with EcoRl and after treatment with Klenow enzyme 
digested with Pad- The large^^. }^^ the 
adenoviral sequences was isolated frotn agarose gel and 
ligated to the Clal diges^^d and.bli^^ vector. Use 

was made of the ligation express kitpj^fromiGlontech- After 
transformation of XLl<;-gold cells frm Stratagene, clones 
were identified th^ft containedrthe^, expected construct , 
PWE/Ad.Alf II-Eco/contains Ad5 .sequences ^,from baeepairs. 3534- 
27336. Three odnstructs, pClipigal-LuGf. (Figure 5) digested 
with Sail, p»m/Ad.AflII-Eco diges.ted^;i;yith Pad and BcoRI and 
pBr/AdBamR/pac/fibXX digested^^with JBamHI and Pad were 
transfecj^d into adenovirus px;od]^pejr.^jie^s (PER.C6, Fallaux 
et a1,/199B) , Figure 6 schemat^ically,. fi^ and 
fragments used to generate the 'ChiirpL^gf^iCi viruses ; Only. ; 
pBr/Ad.BamRfibl2 was used withqut] suij^doning/ in .the P 
35 co/taining vector and therefor wast-nofcr liberated from vector 
sftquences using Pad but was digested iwith Clal which leaves 
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approximately 160 bp of vectdpnbefc[umcpB atta^ to the 
right ITR. Furthermore, the pBrl^ASlllanKf ibii land ^ 
pBr/Ad-BamRfib28 contain an intpr|ial BatnHI site in the fiber 
secfuences and were therefor digested 



with Sail which cuts in 




exf solutilOnilwats added 
||]|ise|tuently| ^ded to 
!cS}it:ained pR,C6 



the vector sequences flanking theiBamHI site. Fa 
transfection, 2 of pCLIPsal-3jUC, and 4 fig both 
pWB/Ad,AflII-Eco and pBr/AdBamRlpac/f ibXX we/e diluted in 
serurn free DMEM to 100 jil total voluitve- To/this DNA 
suspension 100 fil 2-5x diluted lipofectafnine (Gibco) in 
serum-free medium wag added. Af|eE||4^ 
temperature the DNA-lipof ectami '^^ 
to 2,5 ml of serum-free DMEM w; 
a T25 cm^ tissue culture flask;. 

cells that were seeded 24 -ho<{rs'^pFidr to tr^ at a 

density of IxlO' cells/fla^. T^t) hours^ later, the DNA- 
lipofect amine complex cp^ntaining,am^dlm' was .dil^ by 
the addition of 2,5 mT DMEM sjippl^ef^tedFWith 2.0% fetal calf 
serum. Again 24 hoi;^ later thjSbfn^iitlim.w.asTre^^^ bYf; fresh 
DMEM supplemente^^ith 10% f et^Hlei^pMj B^mm^^Cehl3\mra . 
cultured for 6/8 days, subseq^erifeiyijisjaryestedr and 
freeze/thawed 3 times. Cellulap^defe^tgr Was iremoved by 
centrifugation for 5 minutes a,t:R3p5,0/iTpmcroom) temperature. 
Of the supernatant {12.5 ml) 3,t:§ ^mli Mas. used -to^ inf.ect again 

PER .06 cells (T80 cm^ tissue ii^ultur^^'tlaieka This re- 
xrjiection results in full cyto^athog^iiic effect (CPE) after 

■ 6 days after which the adenoviSrus-ii hatv^sted as - 
.described above, ''^i'^^hff^ ^V7t^eq:i - i -y'- 

Production of fiber chimeric aden&vit^s v;^'^ 1- i *r • - 
10 ml of the above described cfu^e ^^ate^ 'was u^ed to '^ 
inoculate a 1 liter fermentor ^chficihtaihed^f 10^ 
PER.CS cells/ml growing in susp'^^siofi.^ Three day^" aft 



inoculation, the cells were ha^:^^^l^4k^andl'^pellet^^^^ 
centrifuging for 10 min at ITsV' tpiif'ktj rbom tempetaturfe. The 
chimeric adenovirus present in 'tWfe^'iie^Sletid'c^ 
subsequently extracted and purl^i^Bf'Gfeing "the following 
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ssolved in 



downstream processing protocol- The pellet was di> 
50 ml 10 rtiM NaPO/ and frozen at -20°C, After thawing at 37''C; 
5.6 ml deoxycholate (5% w/v) was added after which the 
solution was homogenated. The solution was sx:ibsequently 
incubated for 15 minutes at SV'G to completely crack the 
cells- After homogenizing the solutiDn, 1875 fil (IM) MgClg" 
was added and 5 ml 100% glycerol. Af:er the addition of 375 
jil DNase (10 mg/ ml) the solution wa,3 incubated fcr 30 
minutes at 37*C. Cell debris was remc-ved by centrirugation at 
188 Oxg for 30 minutes at room ; temperature wit h^ brake 
on. The supernatant was subsequently purified frpjnfi pj^oteins 
by loading on 10 ml of freon. Upon centrifugation ;for 15 
minutes at 2000 rpm without brake at ^ room temperature three 
bands are visible of which the upper band represents the 
adenovirus. This band was isolatfted by pipetting after which 
it was loaded on a Tris/HCl idM) bjiffered caesiumchloride 
blockgradient {range: 1.2 to ,l.i4 gr^/^nl) Upon centrifugation 
at 21000 rpm for 2.5 hours at 'j,p|C;=t:j^e ; vir^ 
from remaining protein and cells^^feripv i since: the ."^^ in 
contrast to the other component S;;i tcdofes. jnpt migrate i into the 



1.4 gr./ ml caesiumchloride splufeiGn>. 



The] virus ^ band is 



isolated after which a second^pupif^j3aJ;ion/tU^ HCl 
(IM) buffered continues gradi§^t|,ofv4?33r)gini^/ml of - 
caesiumchloride is performed- ^Af^terr^^^ on top of 

this- gradient the virus is cen trifjuge^ for 17' hours at 55000 
rpm at lO'^C. Subsequently the ,vi?ius i^^^ isolated : and 

after the addition of 30 \il of ^uci^osjfe. (50 w/v) excess 
caesiumchloride is removed by ) three vrounds of dialysis, each 
round comprising of 1 hour. For dialysis, .the ^virus, vis 
transferred to dialysis slides i XSl,^d§c7a-li2er^ cut< off 10000 
kDa, Pierce, USA). The buffers^ jusedj-fpr . dialysis are PBS 
which are supplemented with aniincrga^ing concentration of 
sucrose (round 1 to 3 : 30 ml, go ml^^^rand 150 ml sucrose (50% 
w/v)/ 1.5 liter PBS, all supplementjsdj with 7,5 ml 2% (w/v) 
CaMgClj) . After dialysis, the yi^sius is |^ removed from. the 
slide-a-lizer after which it i^jajligjjjote.d. in portions of 25 
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-854. 



and 100 }xl upon which the virus is stored at -85°d:. To 
determine the number of virueparticles per ml, 5oj ^1 of the 
virus batch is run on an high pressure liquid chrbmatograph 
(HPLC) as described by Shamram et al (1997) , The virus titers 



5 were found to be in the same range as the AdB-Luc 



virus batch 



(AdS.Luc: 2.2 X lO" vp/ ml; Ad5 .LucFibl2 : 1.3 X iq" vp/ ml ; 

X 10" vp/ 



Ad5 - LucFibie : 3 . 1 x lO" vp/ ml ; ! Ad5 . ]jUcF±b28 : 5,4 
ml; Ad5,LucPib40-L: 1.6 x 10".vp/ ml 



Example 2: biodistribution of | chimer Lc vir^ 

intravenous tail vein injection: of riits. HO. 01 I i 

i 

TO investigate the biodistribution or. the chimeric 
adenoviruses carrying fiber 12, 16, 28, or 40-2, IxlO" 
particles of each of the generated virusbatches was diluted 
in 1 ml PBS after which the viirus^jtfa^i injected in the' tail 
vein of adult male Wag/Rij ra£^%,{3;,rfits/.: , virus) » As . a 
control, Ad5 carrying the lucftf|er^aff ^,|;ransg^ w^s, ^ised. 
Forty-eight hours after the ac^in;is^^ration - of the virus, the 
rats were sacrificed after whicb^l^e^^liver,^^ spleen Iwg, 
kidney, heart, and brain were:^^djLsf^fjC|jtj5,d organs were 

subsequently mixed with 1 ml <Df = Ij^^^putfex (1% Triton X- 
100/ PBS) and minced for 30 5eQ^:|nd%^;^:jo obtain a protein 
lysate. The protein lysate was subsequently tested for the 
presence of transgene expressionj^tiucif eraser activi and 
the protein concentration was!, determined to express the 
lucif erase activity per |4g of protein. The repults, Shown in 
Table II, demonstrate that in riCpntrasi to^the Adenovirus 
serotype 5 control, none of the ^ fiber;|; chimeras are i targeted 
specifically to the liver or topfehf spleen. This experiment 
shows that it is possible to circumyejat the uptake of 
adenoviruses by the liver by making u§e of fibers of other 
serotypes. It also shows that .5:he: upt by the liver is not 
correlated with the length of t^ie fibpr shaft, or determined 
solely by the ability of f iberi knobj^ tb] bind to CAR. Th 
fibers used have different shaftj lei^g,ths and, except for 
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fiber IS, are derived from subgroups known to have a fiber 
that can bind CAR (Roelvink et al 1998). 

Example 3: Chimeric viruses display differences in 
endothelial and smooth muscle cell transduction 



A) Infection of Human endothelial cells 



Human endothelial cells (HUVEC) 



characterized as described previously " (jaffa^. let a^^ 



w^ri iisolated, cultured and 



were cultured on 



Wijnberg et al 1997) . Briefly, cells 
gelatin-coated dishes in M199 supplemented with 20 tnM HEPES. 
PH 7.3 (Flow Labs., Irvine, Scotland^, 10% (v/v) human serum 
(local blood bank), 10% (v/v) heat -inactivated newborn calf 
serum (NBCS) (GIBCO BRL, Qaithersburg, MD) , 150 ^g/ ml crude 
endothelial cell growth £act^5^yf^i^^iJ' ({^^' ' 
Pharmaceutics Products, Weesp? "The Netherlands) , penicillin 
(100 lu/ ml) /streptomycin {10j|./xg^^|nl), (Boehringer Mannheim, 
Mannheim, FRG) at 37'C under 5% J^^^v]^^ 00^/^ 95% (v/v) air 
atmosphere. Cells used for experimentfi were between passage 
1-3. In a first set of experiments 4(|000 HUVEC cells (a pool 
from 4 different individual s),HWe¥:e p^eded in each well of 24- 
wells plates in a total volume of 200 yil. Twenty- four hours 
after seeding, the cells wereEWashed-with PBS lafter which 200 
Ml of DMEM supplemented with SSv^qeai^as added 'to the cells. 
This medium contained various,\'^ambu£its of . virus (MOI =? 50, 
250, 1000, 2500, 5000, and i0000')*ppTh5- virUses : used wfere ' 
besides the control AdS, the f iber^cHimeras 12> 16, 28, and 
40-L (each infection in triplicate): .,7.irwo hours after addition 
of the virus the medium was replacedrby normal medium.. 'Again 
forty-eight hours later cells were washed and lysed by the 
addition of 100 |il lysisbuffer, Inefigurer 7a, .results iare 
shown on the transgene expressiongpewilmicrogram total protein 
after infection of HUVEC cells :.^.Th^se) results ^show that fiber 
chimeras 12 and 28 are unable -^Orlnfegt HUVEC cells, that 40- 
L infects HUVECs with similar efficierjcy as the control AdS 



fects HUVECs significantly 



virus, and that fiber chimera 16,; in. 

better. In a next set of experiment^ (n = 8) ; the fiber 16 
chimera was compared with the ildS-Lic vector on HOVEC for 
luciferase activity after transduction with 2500 virus 
5 particles per cell of each viriis. These experiments 

demonstrated that fiber 16 yields, on average, 8.1 fold 
increased luciferase activity (SD ± 4,6) as compared with 
Ad5. In a next experiment, an equal number of virus particles 
was added to wells of 24 -well plates that contained different 

10 HUVEC cell concentrations. This, experiment was .performed 

since it is known that HUVECs are less ef f iciehtlyi^ihf ected 
with adenovirus serotype 5 when these cells reach confluency. 
For this purpose, HUVECs were seeded at 22500, 45000, 90000, 
and 135000 cells per well of 24 -well! plates (in triplicate), 

15 Twenty- four hours later these cVlls were infected as 

described above with medium qcgn^ai^^g,.^^^*^ sr.cjni^. i 

virusparticles. The viruses uj|f4iiM?i^4/ t^^^sltjes t^he fCp^^ 
adenovirus serotype 5, the ch^mer^^ _f,iJb,er.^ ^esylt of 

the transgene expression (RLUl^^.p.e|r;^.mi^^ protein 

20 determined 48 hours after ine^<^^:J3on^|-isee £igure,jj7bj) ;: shows 
that the fiber 16 chimeric adenoyiiru^,is,.,also better , suited 
to infect HUVEC cells even when ^these cells are .100% 
confluent which better mimics, ^.an,;ir\]^viv^^^^ the 
Luciferase markergene does not jprQYicJe;. information f concerning 

25 the number of cells infected anQthepeexperiment was performed 
with adenovirus serotype 5 and the fi:ber IS chimera, both 
carrying a green fluorescent proteln,i;:.(GPP) ^as a marker gene. 
This protein expression can be detecfjed using a flow 
cytometer which renders information l^bout the percentage of 

30 cells transduced as well as fluoret<?e3jtce per i cell. In this 
experiment cells were seeded afenanC2©iJ<|entration 6f 40000 
cells per well and were expos^4:it^O;^'^ii^s :for 2 hours. The 
virus used was Ad5,GFP (8,4 x iiqMi:YPfjJ^^') and Ad5 .Fibl6,,0FP 
(5-1 X 10^^ vp/ ml). Cells were) ej>cpospa?to.;a virus i, 

35 concentration of 500 virus partiGlea per; cell . Plow 
cytometric analysis, 48 hours af teri^y^'rus exposure 
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demonstrated that the fiber IS 



expressian levels per cell since the median fluorescence, a 



virus gives higher transgene 



parameter identifying the amount of 
is higher with fiber 16 as comj^ared 



GFP expression per cell, 
to AdS (Figure 7c) , These 



5 results are thus consistent and demonstrate that the fiber 1€ 
chimeric virus is better suited to infect human primary 
endothelial cells as compared to Ad5- 
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B) Infection of human smooth muscle cells 

i , 

Smooth muscle cells were isolated after isolation Idfi EC 
(Weinberg et al 1997) , The veins were incubated with medium 



(DMEM) supplemented with penicillin/ 



0.075* (w/v) collagenase (Worthingtoh Biochemical Corp,, 



streptomycin) containing 



the incubation medium 



Freehold, NJ, USA) , After 45 miiiutes 
containing detached cells waS2|luf^^f| 
were washed and cultured on g^J,ati^;^^^oa^t 
medium supplemented with 10% ^f gt:?il.^^alf rS^n^ 
serum at 37^C under 5% (v/v) Cp,^^i;:SM \'>Y^^h^l:^ f^W^^^^^' 
cells used for experiments we^e^db§few4^nv,passageAa-6v first 
tested the panel of chimeric i f iber^viruses versus the .control 
adenovirus serotype 5 for theoinfeq^jon of human smooth 
muscle cells. For this purpose, 400QO human umbilical vein 
smooth muscle cells (HUVsmc) wpri^ .ifijgededi in wells of 24-well 
plates in a total volume of 200 ^1 . Twenty- four hours after 
seeding, the cells were washed t>wit;h;!>pes after which 2 00 \xl of 
DMEM supplemented with 2% FCSrwas added: bo the cells. This 
medium contained various amoimtsjdf uyirus-.(MOI « 50, 250, 
1250, 2500, and 5000). The viruses. guafed were besides the 
control Ads the fiber chimerasrt 12.ri::;l!S, ^:28, andi 40-L i (each 
infection in triplicate) * Two ^hplirshaiJ.ter.: addition -i of the 
virus the medium was replaced jbyinoirmal im Again forty- 

eight hours later cells were wished ^T^d; lysed,t:byn the addition 
of 100 jil lysisbuffer* In figure /Sa-^; ^results a^re shown of the 
transgene expression per micrQgram-^tojtial protein after 
infection of HUVsmc cells, These^results .show that fiber 
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chimeras 12 and 28 are unable to infect HUVsmc cells, that 
40-L infects HUVsmc with similar efficiency as the control 
Ad5 virus, and that fiber chimera 16 infects HUVsmc 



of experiments / smooth 
vene^ arteria Iliaca, 
and aorta were tested for 



significantly better. In a next^ set 
5 muscle cells derived from saphe^nous 
left interior mammory artery (LIMA) 
infection with the fiber 16 chimera; and Ad5 (both carrying 
luciferase as a marker gene) , i Tiiese { experiments (n = 11) 
demonstrated that, on average, the fiber 16 chimera yielded 

10 61,4 fold increased levels in, lucif erake act^iyity (Sp ± 54,8) 
as compared to Ad5. The high standard deviation ;(SD)i, is 
obtained due to the finding that the| adenoviruses used vary 
in their efficiency of infection of ^MC derived from 
different human vessels. In a next experiment, an equal 

15 number of virus particles was d'dded to wells of 24-well 

plates that contained dif ferent^HUygmc celi^/poncent rat ions 
confluency. For this purpose,, HUysfn^ at 10000, 

20000, 40000, 60000, and SOOqO.^^gel^lf ^jpeirp^^ of ^,2[;4rwell 
plates (in triplicate) - Twent^y^gou^t'^P^^? r^^t^®^ 

20 were infected as described abjO}fg,-wg^|;fc.,,i^^ 2 x 

10^ virusparticles. The viruses;jOLSffl wer<g| .besides ,th^ 
control adenovirus serotype 5^,ijjthe^sghimera^^^^ 16. The 

result of the transgene expressipn^^iRLU) .per microgram , 
protein determined 48 hours agtejch infection (see figure 8b) 

25 shows that the fiber 16 chimezfic-^adgnpvirus pis betternsuited 
to infect smooth muscle cells ^Vfn-jVjfhpn these cells are 100% 
confluent which better mimicSf-^jrit iiihyiva s 
To identify the number of SMCsiferan^diaced with the fiber 16 
chimera and Ad5, we performed, ^transduction experiments with 

30 Ad5,GFP and Ad5Pibl6.GFP (identical ibatches as used for EC 
infections) . Human umbilical veinnSMgirwere seeded at ai 
concentration of 60000 cells peri; well in 24-well plates and 
exposed for 2 hours to 500 or tSOflpl Virus, particles per cell 
of AdS.GFP or Ad5Fibl6 ,GFP. Fortyn eight hours after exposure 

35 cells were harvested and analy^zed us|rig a flow cytometer. The 
results obtained show that therrfibej?! 16. mutant yields : 

tjli-t, ohi' . ' i ■ 
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approximately 10 fold higher transduction of SMC since the 

i 

GFP expression measured after transciuction with 5000 virus 
particles of Ad5»GFP is equal to GF^ expression after 
transduction with 500 virus particle^s per cell of the fiber 
16 chimera (Figure 8c) . , | 



C) Subgroup B fiber mutants other than fiber 16 
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The shaft and knob of fiber 16 are derived from adenovirus 
serotype 16 which, as described* earlier, belongs to subgroup 
B. Based on hemagglutination assays, DNA restricjtiloh 1 
patterns, and neutralization assays the subgroup B viruses 
have been further subdivided into subgroup Bl and B2 (Wadell 
et al 1984), Subgroup Bl members incl.ude serotypes 3, 7, 16, 
21, and 51. Subgroup B2 member^finclude 11, 14, 34, and 35. 
To test whether the increased irif^gjb^Qn) of smooth muscle 
cells is a trade of all fibers dgrj^^^gd .gr^^^ subgroup ,B , or 
specific for one or more subgyo^ap gppiber molecvfl^S'^ .we 
compared fiber 16 and fiber 5JL,3^(bp^]|i,= subgroup i Bl)^ fiber 
11 and fiber 35 (both subgroup B2) . For this purpose HUVsmc 
were infected with increasing amounts of virus particles per 



cell (156, 312, 625, 1250, 25^p;,^,.S 



The fiber mutant all 



carry the Lucif erase marker gene (AdBFibll ,Luc: 1.1 x 10" 
vp/ml; Ad5Fib35Luc: 1.4 x lO"^ yp/mi AdSFibSlLuc r 1-0 x lO" 
vp/ml) . Based on the Lucifera^^.iactjyity measured and shown 
in Figure 8d, efficient infectio^nOf^SMG is not a general 
trade of all subgroup B fiber jjiolec^iil^s * Clearly fiber. 16 an 
fiber 11 are better suited fori infect;! on of SMC than: fiber 35 
and fiber 51* Nevertheless, a^^rSubgr|>up Br fiber mutants 
30 tested infect SMC better as cQmparedijto Ad5. 

D) Organ culture experiments a ,^ u 

We next identified whether the i obser]\?-ed difference in ^ 
35 transduction of EC and SMC using-vthe ^iber;16 chimera or the 
AdS can also be demonstrated in, prg^^n^ culture experiments. 
Hereto, We focused on the follpiwingMt^fisuee: 1) Human 
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Saphenous vein: the vein used= in -apFjroximately 80% of all 
clinical vein grafting procedures 

2) Human pericard/ epicard: fori delivery of recoinbinant 
adenoviruses to the pericardial' fluild which after infection 
of the percardial or epicardial' cell's produce the protein of 
interest from the transgene carried by the adenovirus. 

3) Human coronary arteries: for percutaneous transluminal 
coronary angioplasty (PTCA) to prevent restenosis. Of the 
coronary arteries we focused on the Left artery descending 
(LAD) en right coronary artery (RGA)il J, .^...L. 



Parts of a human saphenous vein 
surgery were sliced into pieces 



left 



over after f^einijgraft 



of approximately 0,5 cmi 



These pieces (n=3) were subsequently 
200 ml of 5 xio" virus particles per 



cultured; for 2 hours in 
ml. After two hours 



15 virus exposure the pieces were ^^kshed with PBS and cultured 
for another 48 hours at 37°C in ^,0^ ;-,C02 , i^ncu^ The 
pieces were then washed f ixatg4r.§!fjd stained for LacZ 
transgene expression. The virusea^j^tfg j^e Ad5,,;L^ 
vp/ ml), the fiber 16 chimera ^|Vd5Pibl6. LacZ, (5; 2 x lo" vp/ 
20 ml), and A fiber 51 chimera: ^d5Fib5J,*L^cZ i (2 -1; x 1 

ml). The pieces of saphenous yeinjWgrf m^crosqopically 
photographed using a digital eameray^-^ased on LacZ = transgene 
expression obtained after 2 hours . of ^.^rirus exposure on , 
saphenous vein slices, both the^^^f ij^er^ie; and, the fibernSl 
25 chimeric viruses give higher infecstion since much more blue 
Staining is observed using thefg | viruses as compared to 
Ad5,LacZ (Figure Be), Identical ..experiments^ as described on 
saphenous vein were performed ^.witht- human} per ica and .the 
human coronary arteries: RCA a^^^LAQj- 
30 experiments (Figures Bf-8g-8h refpegg, 

experiments performed on prima;ry ipejll^p confirmed > the ?• 
superiority of the fiber 16 and;55J,;]rfiutlants as; compared to AdS 
in infecting human cardiovaacultair.jtiff.uesi ^ 

35 B) CAR and integrin expression, o§i:,.huT7ian EC and SMC 



Results of: these , 
vely)j tpgethgrrwith the 
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is clear that the 



From the above described results it 
chimeric adenovirus with the shaft and knob from fiber 16 is 
well suited to infect endothelial cells and smooth muscle 
cells- Thus, by changing the fiber protein on Ad5 viruses we 
5 are able to increase infection of cells that are poorly 
infected by AdS , The difference between AdS and AdSFiblS, 
although significant on both cell types, is less striking on 
endothelial cells as compared to smooth muscle cells. This 
may reflect differences in receptor expression. For example, 

10 HUVsmc significantly more (x^pS^jJntegrirls than 'HUVEC (see 
below) . Alternatively, this difference may be ' du?^, fejp;2 ' 1 
differences in expression of the receptor of fiber 16, 
Ad5,LucPibl6 infects umbilical vein smooch muscle cells 
approximately 8 fold better than umbilical vein endothelial 

15 cells whereas in case of Ad5 .Life'' viruses endothelial cells 

are better infected than smop,t:tit;!!^^?Slf -i^^^l?- To :t:est,, whether 
AdS infection correlated with ^r^<3ept§^r/ie:^pre8sion of ; these 
cells the presence of CAR andfrja^-^integrins- was assayed on a 
flow cytometer. For this purposs:vliKl]9l • HUVEC , ^ orjHUVsmc 

20 were washed once with PBS/ 0-c5,% S§A(-<aftgri which the ceils 

were pelleted by centrifugatipn^^fprt-g^ minutes at 1750 = rpm at 
room temperature. SubBequently,>;n^.ig jilpo£,ailOO times diluted 
a^pa antibody (Mab 1961, Brunswick ?;chemier Amsterdam^ The 
Netherlands), a 100 times dilute^d: antibody a^p 5 (antibody 

25 (Mab 1976, Brunswick chemie, Amsterdam, i^The Netherlands) , or 
2000 times diluted CAR ant ibody:r:*^ase:ac kind, gift of Dr. 

Bergelson, Harvard Medical School, rBoistbnv USA[ (Hsu et al) 

i 

was added to the cell pellet after;UwhAch the < cells were 
incubated for 30 minutes at 4^Cr.in ^^tiark -environment J: 

30 this incubation, cells were waShedv twice ^ with PBS/ 0.5% BSA 
and again pelleted by centrifugation-for .5 minutes- at 1750 
rpm room temperature- To label the vceils>:^:10 ml of rat; anti 
mouse IgQl labeled with phyco^ry^thriner (PE) was added to the 
cell pellet upon which the cell Sew^;reo 'again; incubated for 30 

35 minutes at 4°C in a dark environment,., aFinally the cells were 
washed twice with PBS/0,5% BSA i and ; analyzed : on a flow^ 

r G ill . V 

1 
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cytometer. The results of these' expe^riments are shown in 
table III, From the results it can be ' concluded that HUVsmc 
do not express detectable levels of 'cAR confirming that these 
cells are difficult to transduce with an adenovirus which 
enters the cells via the CAR receptor - 



F) Infection of human A549 cells 



virus pairticles of the 
significant differences 



As a control for the experiments! per|::ormed. ob' endoth 
cells and smooth muscle cells ; AS49 cells were ili;f ^^ejt^d to 
establish whether an equal amount of 
different chimeric adenoviruses sh 

in transgene expression on cell iline^ that are easily 
infected by adenovirus, This i^-to investigate whether the 
observed differences in infeg,t4iPnoe|M on endothelial 

and smooth muscle cells are cefll,-.tii^g^ specif ic. jFor^^^^^ 
purpose^ 10^ A549 cells were se^ded.3;;inr24'rwell ^ a 
volume of 200 fil . Two hours a|^tef ^egjglirig the ,medi!am ^WjSis 
replaced by medium containing j3i<f|^ff@Pt amounts of particles 
of either fiber chimera 5, 12, 16, or 40''L (MOI = 0, 5, 10, 
25, 100, 500) . Twenty-four hours after the addition of virus, 
the cells were washed once withiPBS after which the cells 
were lysed by the addition of 100 jxl lysisbuffer to each well 
(1% Triton X-100 in PBS) af terr^wjhichrk^ expression 
(Lucif erase activity) and the ^pr^teiniconcentration wa 
determined. Subsequently^ the nluj|if#|:aser activity per fig 
protein was calculated- The data/ssij^oyn^ili t^blei IV>. 
demonstrate that Ad5.Luc viruses iihf^isst A54 9? cells mo^t 
efficient while the infection 0ff4$jieAcy;rof Ad5Lu'cFibl6 or 

Ad5LucFib40-L is a few times loWjsr.cTpis. means that the 

■■t 

efficient infection of endothelial. rjsMls an^ 
smooth muscle cells is due to cdiSf e;i:€ii]ices in binding of the 
virus to these cells and not tp; ■the.s.tamount of virus or the 
quality of the viruses used- , 1 ;;;re(r ^ r 
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Table I 



Serotype 

4 

B 
9 

12 

16 

19p 

26 

32 

3$ 

37 

40-1 

40- 2 

41- B 
41-1 
49 
50 



20 51 



A 

B 

C 

D: 

E 

1 

2 

3 

4 

5 

6 

7 

6: 



I 

Tail oligonucleotide 

A 

D 
B 

B 
C 
B 
B 
B 
B 
B 
D 
D 
D 
D 
B 
B 
C 




Kijiob oligonucleotide 

, 2 
2 
3 
4 

' 2 
2 
2 
2 
2 
5 
6 

5 ■ • 

7 

2 
2 

e 



HO. 0't!i2" 



5'- CCC GTG TAT CCA TAT GAT GCA GAC AAC GAG CGA CC- 3 
5'- CCC GTC TAC CCA tAT GGC TAG dCG Cofe- 3' 
5'- CCK GTS TAC CCA TAT GAA GAT.<4aa' AGC- 3' 
5'- CCC GTC TAC CCA TAT GAC ACC^TYC TCA ACT C- 3' , 
5'- CCC GTT TAC CCA TAT GAC CCA ^TT GAG ACA TCA GAC- 3* 
5'- CCG ATO CAT TTA TTG TTG GGC TAT AtA GGA - 3* 
5'- CCG ATG CAT TYA TTC TTG GGC RAT ATA GGA - 3' ; 
5'- CCG ATG CAT TTA TTC TTG OGR AAT GTA WOA AAA GGA - 3' 
5'- CCG ATG CAT TCA GTC ATC TTC TCT GAjt ATA - 3' . ,^ , . 
5'- CCG ATG CAT TTA TTG TTC ACJT TAT GT^< feCflP^-'i^'^ * ^ ^- * 
5'- GCC ATG GAT TTA TTG TTC TGT TAC ATA AGA, - 3' 
5' - CCG TTA ATT AAG CCC TTA TTG TTC TGT TAC ATA AGA A - 3' 
5'- CCG ATG CAT TCA GTC ATC YTC TWT AAT ATA' - 3' 



f 



< 'i 

h ■ ;i 



■■..■■4' 

• 

Table II : i ! j .|,,p 


m 




organ 


controj. Aas 








Fib 


.28,, ill. 


Fib 4(J-L 


Liver 


740045 


458 


8844 


■ / 1 ; 


419 




2033 


Spleen 


105432 


931 : ;l; 


3442 

: :! 




592 




16107 


Lung 


428 


315 


' 334 f 




.316 ! 


424 


Kidney 


254 


142 


;i90 ' 




209 


224 


Heart 


474 


473 


1276 




30'4 


302 


Brain 


291 


318 


294 


1 


323 

i 


257 



I 



Table III 


: ' i-4 

i 

't, 


i'- i' 

( ' ■ i 
i 


r 

■ ' 1 
1 

' ■ 'l 


Cell line 








CAR 


HUVEC 70% 


98.3% 


18.9% 


■ 


18.1% 


HUVEC 100% 


97.2% 


1015% 




7.2% 1 


HUVsmc 70% 


195.5% 


76.6% 




0,3% 


HUVSmc 100% 


92.2% 


S6;5% 




0.3% 


PER.C6 


7.8% 


16.8% 




99.6% 



Table IV 
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